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One of the most important purposes of enzyme engineering is to increase the thermal and kinetic stability of en-
zymes, which is an important factor for using enzymes in industry. The purpose of the present study is to achieve
a higher thermal stability of α-chymotrypsin (α-Chy) by modiﬁcation of the solvent environment. The inﬂuence
of sucrosewas investigated using thermal denaturation analysis, ﬂuorescence spectroscopy, circular dichroism,mo-
lecular docking andmolecular dynamics (MD) simulations. The results point to the effect of sucrose in enhancing the
α-Chy stability. Fluorescence spectroscopy revealed one binding site that is dominated by static quenching. Molec-
ular docking andMD simulation results indicate that hydrogen bonding and van derWaals forces play a major role
in stabilizing the complex. Tm of this complexwas enhanced due to the higher H-bond formation and the lower sur-
face hydrophobicity after sucrosemodiﬁcation. The results show the ability of sucrose in protecting the native struc-
tural conformation of α-Chy. Sucrose was preferentially excluded from the surface of α-Chy which is explained by
the higher tendency of water toward favorable interactions with the functional groups ofα-Chy than with sucrose.
© 2018 Elsevier B.V. All rights reserved.
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1. Introduction
Enzymes are biological catalysts that can enhance the rate of bio-
chemical reactions by several orders of magnitude with high speciﬁcity,
making them essential tools in biomedical, chemical and industrial ap-
plications. The crucial importance of enzymes in the industry and med-
ical applications stems from their stability and functional dimensions,
making their study a subject of active research. During the past decades,
utilization of enzymes with high thermal stability has attracted a large
interest in academic and industrial applications [1–3]. Therefore, there
is an essential need to engineer enzymes that can function in unnatural
environments such as low temperatures and pH, so that their full poten-
tial can be realized.
The main restriction for enzyme function in hard conditions is the
stability of enzymes. Increasing enzyme stability is, therefore, a signiﬁ-
cant goal of protein engineering [4] and a determinant factor in com-
mercial applications. Enzymes lose part of their activities when they
are subjected to heat, extreme pH or proteases. During the last decades,
investigation has focused on the improvement of enzymes action in the
conditions in which they were to be used, and especially on the incre-
ment of their thermal and kinetic stability [5–7]. The production of
heat-resistant enzymes would allow carrying out enzymatic reactions
to higher temperatures, and therefore, increasing conversion rates and
substrates solubility and reducing the risk of microbial growth and the
viscosity of the reaction medium [8–10].
The modiﬁcation of the solvent environment is One of the best ap-
proaches for incrementing the stability and activity of biocatalysts. Dif-
ferent methods exist for raising the enzyme stability. One of the best of
this methods is the addition of some material such as inorganic salts,
polyols, and sugars, for example, trehalose directly to the protein solu-
tion [9,11]. The structure and activity of enzyme against denaturation
condition can be protecting efﬁciently by some of the polyols.
S1 family enzyme such as α-chymotrypsin (α-Chy) has attracted a
great deal of attention to biomedical and bioengineering ﬁelds because
of its catalytic activity under aqueous conditions [12]. α-Chy is a model
protein that allows the study of the effect of adding co-solvents, such as
carbohydrate or polyols, on the folding and unfolding processes. Thus,
α-Chy was selected for this study. Different spectroscopic methods,
and molecular dynamics simulations and docking used for evaluating
of the interaction mechanism between sucrose and α-Chy. The
quenching mechanism, the thermodynamic parameters,Tm, the
International Journal of Biological Macromolecules 114 (2018) 950–960
⁎ Corresponding author.
E-mail address: saboury@ut.ac.ir. (A.A. Saboury).
https://doi.org/10.1016/j.ijbiomac.2018.03.143
0141-8130/© 2018 Elsevier B.V. All rights reserved.
Contents lists available at ScienceDirect
International Journal of Biological Macromolecules
j ourna l homepage: ht tp : / /www.e lsev ie r .com/ locate / i jb iomac
